The study of periodically dielectric-slab-loaded 10 waveguide structures with conductive walls and finite length is carried out by using wave propagation techniques. Based on this analysis, the geometrical dimensions and permittivity values are determined, in order to provide very high dispersion with low losses. Non-linear frequency modulated waves, incident to a finite length periodic loaded waveguide, are studied, to achieve optimum pulse compression, by taking into account all wave phenomena involved. A staggered-tapered structure of dielectric slabs inside the waveguide is utilized, by matching the incident waves, in order to minimize the reflected (at the input) and maximize the transmitted (at the output) waves of the compressor structure. The slabs longitudinal discontinuity nature prevents the appearance of field singularity points that could hinder the operation of the compression mechanism. Exact Fourier analysis is carried out to compute the compressed wave field intensities. Optimization techniques are used to achieve the best compression and matching conditions for various realistic dielectric materials, having permittivities r in the range of 9 to 36 and loss factors tan( ) in the range of 0.01 to 0.0001. Experimental results obtained by carrying out measurements on prototype waveguide structures, built in our laboratory, show good agreement with theory.
INTRODUCTION
During the last decades, several waveguiding and resonator structures have been proposed and tested to achieve pulse compression phenomena for the enhancement of peak power levels in high power microwave systems. Such structures are mentioned in the works of Gaponov-Grekhov et al. [1] and Tantawi et al. [2] . In the present paper a canonical type structure is investigated to achieve pulse compression, using very high dispersive dielectric properties of a periodically loaded waveguide structure, shown in fig The structure consists of an orthogonal cross section metallic wall waveguide, loaded with low loss dielectric plates, perpendicular to the propagation z-axis. The selection of this rather simple structure was motivated by its ability to be easily constructed. The relative dielectric permittivities of the interfacing layers are denoted by r1 and ro =1 (air), while at the input and output of the structure matching transformers are assumed, consisting of a finite number of non-periodic layers, as shown in fig. 1 . The structure on both sides is considered to be connected to a free space infinite length waveguide. The proposed structure could also be considered as an one dimensional photonic crystal structure.
ANALYSIS OF THE GUIDING STRUCTURE
The analysis of the finite length periodic structure defined in fig. 1 can easily be achieved by considering the standing waves in each layer of the structure, while for z and z only transmitted and reflected waves are taken into account. An incident TE 10 mode originating at z is considered. Then, by writing explicitly the TE 10 mode field distribution in each layer, as and assuming an exp(i t) time dependence, the boundary conditions at the interface between the layers are easily satisfied considering the non-excitation of higher order waveguide modes. The resulting recurrent type integer equations are solved, via an appropriate software. In addition to the finite length periodic structure, an analysis is carried out, considering that the periodic structure has infinite length and using the Floquet theorem, which is mentioned in Magnus et al. [3] . The infinite length periodicity solutions provide guidance to locate highly dispersive conditions, seeking to achieve strong pulse compression phenomena, as will be explained in the following section. Furthermore, inclusion of metallic wall losses are also taken into account and proved to be insignificant for the case of aluminium or copper waveguides. The metallic wall waveguide is WR-340.
NUMERICAL COMPUTATIONS OF THE PROPAGATION CHARACTERISTICS
In order to analyze the dispersion properties of the proposed structure, numerical computations are carried out for low loss alumina ( r1 =9.9, tan( )=10 -4 ) layered structure, for both periodic and matching sections. The conditions of high dispersion are acquired firstly by considering the infinite length periodic structure. Then, the layers' thickness of the alumina and air of two matching transformers are determined, by using an optimization algorithm, to achieve minimization of the reflection coefficient at the input of the structure. The two matching transformers are mirror symmetric with respect to the mid-plane of the periodic structure. In fig. 2 , numerical and experimental results concerning the scattering parameter S 21 and the group delay of a non-matched finite length periodic structure and its infinite equivalent are shown. The expected bandstop/pass characteristics of |S 21 | are presented and a good agreement for the group delay between the finite and its infinite equivalent length loaded waveguide is observed.
F ig u re2 . T h eo retica l a n d exp erim enta l resu lts o f th e m o d u lu s |S 21 | fo r a p erio d ic stru ctu re o f 1 4 p erio d s versu s freq u en cy (left d ia g ra m ). G ro u p d ela y fo r th e sa m e th eo retica l p erio d ic stru ctu re a n d its in fin ite eq u iva len t versu s freq u en cy (rig h t d ia g ra m ).
Due to the mismatching, the reflection coefficient S 11 exhibits a highly oscillatory amplitude. For this reason, serious difficulties arise, when a finite length periodic structure is used in practice. Therefore, matching is needed to achieve pulse compression. The results incorporating the transformer matching using a specific tapered (non-periodic) structure are given in fig. 4 , which represents the output pulse of a matched periodic structure, consisting of 100 periods with thickness dimensions for the alumina and the air d 1 =11 mm and d 2 =167 mm, respectively. The matching is achieved at the frequency region, where strong dispersion, as much as 0.017 µsec/MHz, is obtained. The proposed structure can be used as a microwave pulse compressor, if the matching is achieved in a bandwidth of at least 10 MHz. In order to verify the computed results, an experimental structure consisting of 14 alumina plates is constructed. The distance between the alumina plates is kept constant, using a low loss and density material, namely Styrofoam. Measurements are carried out using network analyzer and time domain reflectometry techniques. Although a good comparison between theoretical and experimental results is demonstrated, the discrepancies observed could be attributed to the limited spatial construction accuracy of the structure, which was 0.4 mm.
